We studied the pheno-and genotypes of an oral Granulicatella elegans strain in comparison with those of a blood-derived isolate which caused infective endocarditis. The two isolates exhibited identical biochemical characteristics and had the same drug MICs. Their genotypes were indistinguishable, indicating that these were from the same clone. The transmission of G. elegans from the oral cavity thus should be noted as a possible cause of infective endocarditis.
Infective endocarditis (IE) is a relatively uncommon but life-threatening disease of the endocardium of the heart. Strong risk factors include cardiac valvular abnormalities, where certain microorganisms entering into the bloodstream can potentially attach and grow and then cause the disease (8, 20, 26) . The most predominant pathogens of IE are bacterial species in the oral cavity, such as viridans streptococci (1, 26, 27) . The tooth-tissue interface is a typical portal for bacteria to enter the body, and nearly all physical entries of organisms into the bloodstream, i.e., of those that can cause transient bacteremia, occur during routine tooth brushing and food chewing in healthy individuals (6) , though bacteremia is more often the result of dental treatment (14, 15) . Therefore, resident oral bacteria which inevitably and frequently enter the body possibly become major pathogens of IE (9, 10) . However, direct proof of this theory has not been shown and the pathogenicity of the bacteria in resident floras remains to be elucidated. In the present study, we investigated a case of IE caused by one of the most fastidious bacteria, Granulicatella elegans. This bacterium was first described as a member of a family of nutritionally variant streptococci (NVS) (22) but was later reclassified into the new genus Granulicatella (7) .
A 53-year-old woman showing clinical signs of acute endocarditis was transferred from an outside facility and admitted to the Iwate Medical University Memorial Heart Center in Morioka, Japan. Medical historical data revealed a dental procedure 3 months before without any other anamnesis. Four consecutive arterial and venous blood cultures were successively performed at the outside facility as well as at our department with BACTEC PLUS Anaerobic/F culture bottles (Becton Dickinson and Company, Sparks, Md.) and Brucella HK agar plates (Kyokuto Pharma. Indust. Co., Tokyo, Japan) at 35°C under anaerobic conditions. Two sets of cultures tested positive and yielded gram-positive coccoids in short chains. The patient was empirically treated intravenously with penicillin (30 ϫ 10 4 U/kg of body weight once a day) and gentamicin sulfate (3 mg/kg of body weight once a day). Cardiac surgery was performed 7 days after admission. She was released from the hospital without a fever after 27 days. PCR amplification of the 16S rRNA gene was performed with 50 ng of purified genomic DNA as described previously (18) . DNA sequencing of the amplicons was carried out using the primer EB1.5-1 (30) . Obtained sequences of about 600 nucleotides were compared with known sequences by use of the BLAST algorithm (National Center for Biotechnology Information, Bethesda, Md.). MICs were determined by a microdilution method of the National Committee for Clinical Laboratory Standards (17) as described previously (29) with the minor modification of adding L-cysteine HCl (0.01%) to the medium. Pulsed-field gel electrophoresis (PFGE) was performed following restriction digestion with SmaI and ApaI as described elsewhere (24) . For an arbitrarily primed (AP)-PCR analysis, purified genomic DNA (5 ng) was amplified randomly with primer AP3 (2) .
Species identification of the isolate, designated as strain IMU02b01, from blood cultures was confirmed by determination of the 16S rRNA gene sequence, which demonstrated 99.4% identity with the sequence of G. elegans (GenBank accession number Y1543.1). To investigate whether the pathogen in this case of IE was of oral origin, we attempted to isolate G. elegans from the oral cavity of the patient. We collected specimens of dental plaque and cultured them as described previously (18) and chose 11 isolates of gram-positive coccoids in chains which demonstrated bacteriolytic activity and satellitism. Their 16S rRNA gene sequences were verified by PCR direct sequencing. Among the candidates, the sequence of one isolate, designated IMU02p18, demonstrated 99.1% similarity to that of G. elegans. Further, eight isolates showed sequence similarities to Granulicatella adiacens ranging from 92 to 99%; we did not obtain sequence data for the other two strains.
Strain IMU02p18 exhibited the same biochemical characteristics as strain IMU02b01 and G. elegans CCUG 26024 (Table  1) . Among the characteristics examined, urease production (25), acidification of raffinose and sucrose (7, 22) , and hydrolysis of hippurate (7) have been reported to be strain dependent. Strain IMU02p18, as well as strain IMU02b01, were negative for urease, and the two isolates fermented sucrose but not raffinose. In addition, hippurate hydrolysis was positive with them. The antimicrobial susceptibility tendencies of these two isolates were also identical ( Table 2 ). Both were highly susceptible to penicillin and other ␤-lactams; they were, however, intermediate to amikacin and resistant to arbekacin. In accordance with the results, combination treatment with penicillin and gentamicin was effective in this case. Notably, the present susceptibility profile is in agreement with those of other NVS isolates (23, 29) , as many NVS strains are susceptible to penicillin whereas they exhibit various susceptibility characteristics with respect to aminoglycosides.
The PFGE patterns of the two isolates were indistinguishable after digestion by SmaI (Fig. 1A, lanes 1 and 2) and ApaI (Fig. 1A, lanes 4 and 5) , while the patterns of G. elegans CCUG 26024 with SmaI and ApaI (Fig. 1A , lanes 3 and 6, respectively) were obviously different from those of the two isolates. These results, according to the criteria of Tenover et al. (28) , indicated that G. elegans IMU02b01 and IMU02p18 were from the same clone.
The finding of genotypes that were indistinguishable between the two isolates was further supported by the AP-PCR results (Fig. 1B) .
Colonization frequencies of G. elegans in the human oral cavity and other habitats have not been well documented. It was reported that NVS strains were isolated from the human mouth with an incidence rate ranging from 1 to 10% of the total floras (21) . We observed that the ratio of healthy adults carrying NVS was 98% (91 of 93), indicating a significantly high frequency of these bacteria in dental plaque (18) . On the basis of studies that found that 8% of previously noticed NVS were G. elegans (25) and that G. elegans strains tended to be biochemically identified as G. adiacens (16) , the frequency of G. elegans in adult dental plaque is estimated to be approximately 10%. This figure is comparable with results seen with Abiotrophia defectiva (16, 18, 25) and each species of viridans streptococci (12) . In accordance with the estimation, the ratio of G. elegans to G. adiacens in the NVS candidates from the plaque specimens was 1:8 in the present study.
When an animal endocarditis model was used, oral G. el- Enzyme production Pyrrolidonyl aminopeptidase egans isolates were reported to be less infective than those of oral G. adiacens and A. defectiva (19) . Nevertheless, this organism has been continuously isolated and identified from IE patient samples (references 4, 5, and 22 and the present study). Therefore, it is of interest to clarify whether the critical characteristics of this organism, such as the production of bacteriolytic activity (the present study) and exopolysaccharide (3), are involved in its pathogenicity. In addition, we recently observed that S. aureus and S. epidermidis colonized in the human oral cavity with notable rates of occurrence (13) , which agrees with other reports that showed a relatively high prevalence of staphylococcal IE (11, 26) . Therefore, given that a proportion of IE cases are caused by staphylococcal species, most of the causative agents of this disease are likely to be oral in origin.
